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FOREST  TRAIL  HANDBOOK 


1.  — PURPOSE 

The  purpose  of  this  handbook  is,  first,  to  state  a  general  policy  of  trail  construction  and  maintenance; 
second,  to  establish  a  uniform  classification  of  National  Forest  trails  according  to  their  use;  third,  to  establish 
standard  specifications  for  each  class;  and,  fourth,  to  describe  and  illustrate  for  purposes  of  reference  and  appli- 
cation, approved  methods  of  location,  construction,  and  upkeep. 

SECTION  I— POLICY  AND  GENERAL  INSTRUCTIONS 

2.  — RELATIVE  NEEDS 

In  making  many  of  the  National  Forests  more  accessible,  the  first  and  largest  need  is  for  ways  and  secondary 
trails.  The  second  important,  but  less  urgent,  need  is  for  primary  trails.  To  maintain  the  present  degree  of 
accessibility  by  adequate  upkeep  of  existing  trails  is  more  important  as  a  general  rule  than  the  building  of 
additional  mileage. 

3.  — PROGRESS 

The  progress  made  in  trail  work  will  depend,  first,  on  the  amount  of  money  available,  and  second,  on  the 
capacity  of  the  available  organization  to  direct  and  control  such  work  properly. 

4.  — THE  JOB 

Trail  location  and  construction  is  relatively  a  simple  job.  Money,  proper  workmanship,  common  sense, 
abundant  energy,  and  simple  tools  and  equipment  are  the  only  requisites  to  good  work.    The  employment  of 
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location  and  supervising  engineers  and  specially  organized  survey  parties,  and  the  use  of  precise  methods  involv- 
ing technical  practices  such  as  accurate  leveling,  transit  work,  detailed  field  notes,  and  profile  maps  of  loc9,tion, 
have  no  place  in  the  trail  program. 

5.  — PLACE  OF  FOREST  OFFICERS 

Responsibility  for  selection  of  the  projects,  correct  location,  and  adequate  supervision  must  rest  squarely 
upon  the  supervisor.  Members  of  the  regular  forest  organization  or  specialists  designated  by  them  will  do  at 
least  the  major  part  of  the  preliminary  location  work,  and  will  give  such  supervision  to  crews  as  may  be  neces- 
sary to  get  the  work  done  in  accordance  with  established  policy  and  practice. 

6.  — USE  OF  HANDBOOK 

It  is  recognized  that  to  prescribe  rules  or  to  outline  methods  of  construction  to  cover  all  details,  or  to  fit  all 
the  varying  conditions  encountered,  is  not  possible.  No  attempt  to  do  it  has  been  made  in  this  handbook.  The 
points  covered,  and  instructions  given,  are  confined  to  the  more  obvious  and  major  principles  of  trail  construc- 
tion. They  are  based  on  methods  and  principles  which  have  proved  their  worth;  furthermore,  experience  has 
proven  their  general  applicability. 

Field  officers  are  not  expected  to  memorize  the  contents  of  this  handbook.  It  is  expected,  however,  that 
they  will  always  remember:  First,  the  handbook  is  available;  second,  it  is  to  be  consulted  and  studied  before 
starting  a  job;  third,  every  man  placed  in  charge  of  trail  work  wiU  have  a  copy,  supplemented  by  written  instruc- 
tions to  indicate  the  parts  of  the  handbook  that  are  applicable  to  his  job;  fourth,  the  instructions  it  contains  will 
govern  on  the  job,  unless  physical  conditions  clearly  prevent. 

Burden  of  proof  of  inapplicability  will  always  be  upon  the  officer  who  is  responsible  for  getting  the  work 
done.    Officers  should  expect  to  be  held  personally  responsible  for  unwarranted  deviation. 


7— PURPOSES  OF  TRAILS 

Trails  will  be  maintained,  reconstructed,  and  constructed  in  the  interests  of:  (a)  Fire  control;  (b)  adminis- 
tration; (c)  grazing;  (d)  recreation. 

The  objects  of  trail  construction  are  (a)  to  provide  safe  and  unobstructed  passage  of  loaded  animals  and  foot 
travelers  at  a  walking  gait  and  in  single  file;  (&)  durability  designed  to  meet  expected  use  and  liability  of  damage 
from  natural  causes. 

8.  — STANDARDS 

Standards  of  construction  designated  in  this  handbook  are  sufficient  to  accomplish  the  justified  objects  of 
trail  work. 

9.  — MAINTENANCE  POLICY 

The  desired  standards  of  trail  upkeep  are  those  which  are  necessary  to  maintain  the  standard  of  construction 
established  herein.  Well-balanced  work,  not  polish,  is  wanted.  To  underdo  maintenance  is  bad.  To  overdo  it 
is  worse,  because  a  dollar  unspent  remains  available  to  correct  mistakes,  while  more  dollars  spent  than  necessary 
are  simply  wasted. 

Maintenance  will  include  the  removal  of  obstacles  from  primary  trail  beds  to  facilitate  the  operation  of 
plows  and  drags  wherever  the  use  of  such  horse-drawn  equipment  is  feasible  from  the  point  of  view  of  economy 
and  physical  practicability. 

10.  — SELECTION  OF  PROJECT 

New  construction  into  inaccessible  areas  requiring  fire  protection  takes  priority  in  the  use  of  funds  over  rais- 
ing the  standards  of  a  usable  existing  trail.  Consideration  should  be  given  to  this  when  planning  the  reconstruc- 
tion of  a  trail  which  can  be  reconditioned  at  a  lower  cost.  Reconstruction  of  trails,  other  than  those  in  highly 
recreational  areas,  should  be  avoided  until  all  hazardous  portions  of  the  forests  have  been  made  accessible. 


New  fire  control  or  administrative  projects  to  warrant  approval,  will  have  to  be  based  upon: 

(a)  Sound  reasons  for,  and  practicability  of,  reducing  travel  time  into  given  regions. 

(6)  Sound  reasons  for  making  a  country  accessible  to  animals,  which  is  now  open  to  foot  travelers  only. 

(c)  Sound  jeasons  for  making  particular  places  accessible  to  either  foot  travelers  or  horses. 

Recreation  trails  will  be  constructed  where  the  need  is  made  clearly  apparent  by  public  demand  or  by  existing 
heavy  use  of  trails  over  which  travel  is  very  laborious  or  difficult,  or  where  a  desirable  and  justifiably  greater  use 
of  the  National  Forests  wiU  very  probably  ^result. 

Grazing  projects  fall  into  two  classes: j 

(a)  Development  projects. 

(b)  Grazing  administration  projects. 

Grazing  development  projects,  to  justify  allotments,  must  be  based  upon  one  or  more  of  the  following  reasons: 
(a)  Existing  demands  for  additional  range  which  can  be  satisfied  only  by  making  unused  territory  accessible 
by  construction  of  trails. 

(6)  Or,  a  demand  which  may  be  depended  upon  to  materialize  soon  after  the  date  of  completion  of  a  given 
project. 

(c)  To  secure  proper  distribution  of  stock  on  allotments,  parts  of  which  are  overgrazed  while  other  sections 
are  only  partially  utilized  or  totally  unutilized  because  of  genuine,  not  relative  inaccessibility.  Do  not  build 
trails  to  overcome  inaccessibility  which  may  reasonably  be  met  by  better  salt  distribution  or  proper  attention  to 
herding  by  the  owner  or  his  employees. 

(d)  To  make  accessible,  or  to  increase  accessibility  of,  unused  or  slightly  used  regions  of  large  extent  in  the 
interest  of  fire  control,  although  the  anticipated  demand  is  more  or  less  speculative  but  where  nevertheless  it  may 
be  good  business  to  spend  money  on  stock  trails,  driveways,  and  bridges  in  order  to  create  conditions  favorable 
to  stock,  as  an  inducement  to  owners  to  seek  grazing  privileges. 


Other  grazing  projects,  not  of  a  development  nature,  will  be  approved  upon  showing  of  real  need  for; 
(a)  The  building  of  stock  trails  (driveways)  to  protect  existing  roads  or  trails  used  chiefly  for  other  purposes. 
(6)  The  building  of  stock  trails  (driveways)  or  relocation  in  whole  or  in  part  of  existing  ones  in  interest  of 
fire  control. 

(c)  The  building  of  stock  trails  (driveways) ,  or  relocation  of  existing  ones  to  protect  recreational  use  of  the 
National  Forests. 

(d)  Trails  needed  to  facilitate  the  transportation  of  supplies  used  by  stockmen. 

The  standard  of  stock  trails  should  never  exceed  and  should  seldom  equal  the  specifications  for  secondary 
trails. 

11.— TRAIL  CREWS  AS  FIRE  FIGHTERS 

Two  principal  factors  are  to  be  given  consideration  in  laying  out  a  season's  trail  program: 
(a)  The  permanent  forest  benefit  in  terms  of  better  fire  control  or  administration,  which  the  program  will 
produce. 

(6)  The  availability  of  men  for  fire  fighters. 

Under  some  circumstances  it  may  be  advisable  to  prolong  work  on  a  trail  at  the  sacrifice  of  speedy  com- 
pletion, or  to  start  work  on  a  trail  of  secondary  importance,  in  order  to  have  a  crew  on  the  ground  to  form  an 
essential  part  of  the  fire  organization. 

It  is  often  important  to  schedule  trail  construction  and  repair  projects  to  provide  work  before  and  after 
the  fire  season,  for  key  members  of  the  fire-control  personnel. 

Employ  only  men  who  are  capable  of  doing  fire-control  work  and  with  the  definite  and  unmistakable  under- 
standing that  they  will  become  a  part  of  the  fire-control  organization,  ready  and  willing  to  go  and  fight  fires 
either  day  or  night.    Train  them  as  fire-control  units. 
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Members  of  trail  crews  when  on  fire  suppression  or  emergency  guard  work  will  be  paid  wages  as  prescribed 
by  the  Regional  Forester.    Special  written  instructions  to  way  and  trail  foremen  will  cover  this  point. 

During  the  fire  season  connect  trail  crews  which  are  considered  to  be  a  part  of  the  fire-control  organization 
with  the  telephone  system  or  supply  them  with  radio  if  at  all  practicable.  Supplementary  instructions  v/ill 
state  the  hours  of  test  calls  throughout  the  day.  Always  equip  crews  with  an  adequate  outfit  of  fire-fighting 
tools  and  with  appropriate  emergency  rations  for  suppression  work. 

12.  — PLOWS  AND  SCRAPERS 

Use  plows  and  V  drags  to  the  fullest  practicable  extent  on  construction  and  maintenance  of  those  trails 
upon  which  grading  is  necessary. 

The  light  reversible  side-hill  plow  is  the  best  known  type.  Various  kinds  of  V  drags  are  in  use.  One  of 
satisfactory  design  is  shown  in  figure  44. 

If  Service-owned  animals  are  not  available,  and  private  stock  cannot  be  rented  conveniently,  horses  and 
mules  should  be  purchased  from  trail  funds  where  the  use  of  plows  and  scrapers  is  good  practice. 

Regional  Foresters  are  especially  urged  to  get  the  instructions  of  this  section  into  practice,  if  use  of  the 
equipment  mentioned  will  help  reduce  costs. 

SECTION  II.— PLANS 

13.  — TRAIL  PLANS 

A  trail  plan  should  be  developed  for  each  forest  as  dependable  data  is  gathered  from  knowledge  acquired  in 
the  field.  Make  no  attempt  to  complete  the  plan  simply  to  have  something  of  the  nature  to  exhibit.  Every 
trail  constructed  should  justify  its  existence  by  the  actual  service  rendered. 

A  standard  form  of  plan  complete  in  all  details,  will  not  be  prescribed.  The  minimum  requirement,  how- 
ever, for  each  forest  is  a  map  to  be  called,  "The  Plan  and  Progress  Map."    It  should  show  the  location  of  each 


trail,  with  separate  symbols  for  "proposed"  and  "completed."  This  map  will  be  permanent.  Roads  may  be 
shown  on  the  map  at  the  option  of  the  Regional  Forester. 

SECTION  III.— CLASSIFICATION 

14.— TRAIL  CLASSIFICATION 

Forest  Service  trails  will  be  classified  in  three  groups:  (a)  Ways;  (6)  Secondary;  (c)  Primary. 

(a)  Ways  are  defined  as  plainly  marked  routes  built  primarily  for  foot  travel,  but  constructed  to  specifica- 
tions which  will  permit  safe  travel  by  heavily  loaded  pack  animals. 

(6)  Secondary  trails  are  defined  as  trails  which  will  receive  less  use  than  that  specified  for  primary  trails,  but 
which  are  built  primarily  for  horse  travel. 

(c)  Primary  trails  are  defined  as  trails  over  which  an  average  of  more  than  one  saddle  or  pack  animal  will 
pass  each  day  during  the  field  season. 

Classify  every  proposed  trail  before  its  constructioii,  and  all  existing  trails  in  advance  of  reconstruction  and 
maintenance.    Specifications  of  work  to  be  done  will  be  based  upon  such  classification. 

In  classifying  trails,  keep  constantly  in  mind  that  past  experience  proves  a  tendency  to  overestimate  probable 
use.  Closest  guarding  of  enthusiasm  and  judgment,  also  checking  by  higher  officers,  is  necessary  to  hold  future 
errors  in  classification  to  the  minimum.  The  lowest  standard  fulfilling  reasonably  early  need  will  be  used. 
Officers  having  responsibiUty  for  trail  planning  and  construction  should  expect  to  be  called  upon  to  justify  the 
construction  of  higher  type  trails  when  the  probable  volume  of  travel  and  character  of  use  calls  for  trails  of  lower 
types.  In  many  sections  the  need  for  usable  ways  through  the  woods  still  overshadows  either  primary  or 
secondary  necessities. 
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SECTION  IV.— LOCATION 


15.— TRAIL  LOCATION 

Before  definitely  selecting  the  route  for  a  project,  a  thorough  reconnaissance  survey  sliould  be  made.  This 
will  enable  the  locator  to  secure  the  best  possible  topographical,  geographical,  and  fire-control  service  location. 
Hazard  maps  and  other  fire-control  data  should  be  checked  previous  to  making  the  final  selection.  Too  much 
emphasis  cannot  be  given  to  the  importance  of  this  phase  of  trail  work. 

During  the  reconnaissance  survey,  always  definitely  select  and  locate  control  points,  and  get  their  elevation 
and  approximate  intervening  distances. 

The  instruments  needed  in  trail  reconnaissance,  in  addition  to  the  ordinary  tools  of  a  woodsman,  are  an 
Abney  level  or  hypsometer  for  laying  out  grades  and  measuring  slopes,  and  in  certain  instances  an  aneroid 
barometer  for  ascertaining  elevations. 

With  the  approximate  distance  and  elevation  between  two  control  points  known,  add  two  ciphers  to  the 
elevation  figures  and  divide  by  the  distance  expressed  in  feet  to  ascertain  the  approximate  uniform  grade  between 
them.  Example: 


In  trail  location,  as  far  as  practicable — 
Avoid: 

(a)  Swamps  and  boggy  land. 

(6)  Creek  bottoms  and  arroyos  subject  to  damaging  floods, 
(c)  Slopes  subject  to  snowslides. 


Elevation  difference,  1,250  feet 
Distance,  3}4  miles,  17,160  feet 


/125,000\ 
\  17,160  / 


7  percent  approximate 
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(d)  Locations  subject  to  snowdrifts. 

(e)  Slides  (see  fig.  1). 
if)   Unstable  ground. 

(g)  Steep  slopes. 

(h)  Bluffs  and  ledges. 

(i)  Frequent  crossings  of  streams  where  fording  is  difficult  and  impracticable. 
0)   Location  requiring  construction  of  bridges  and  culverts. 

(k)  Heavy  clearing. 

(I)   Switchbacks  where  practicable.    In  instances  where  the  use  of  switchbacks  is  good  business,  make  the 
legs  as  long  as  the  topography  will  permit. 

Favor: 

(a)  Southern  exposures. 
(6)  Ridges. 

(c)  Benches. 

(d)  Natural  openings. 

(e)  Open  timber.  ' 
(/)   Light  stands  of  brush. 

Items  (6)  to  (/),  inclusive,  should  be  favored  even  at  the  sacrifice  of  grade. 

Do  not  lose  sight  of  the  desirability  of  having  trails  pass  camping  places,  horse  feed,  water,  and  points 
which  furnish  a  broad  view  of  the  surrounding  country.  These  items  are  of  special  importance  to  recreation 
and  fire-control  trails. 
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Figure  1.— Principles  to  be  observed  in  locating  trails:^,  15  percent  grade  to  escape  rock  and  hard  land  by  climbing  on  to  bench;  B,  Rocky  and  hard; 
C,  Bend  in  trail  to  escape  large  rocks;  D,  10  percent  minus  grade  for  200  feet;  E,  15  percent  plus  grade  for  350  feet  to  shorten  trail  across  canyon 
with  flat  bed;  F,  Rocky  flat  to  edge  of  steep  slate  sidehill;  G,  18  percent  slope  of  sidehill,  no  grading;  H,  20  percent  grade  for  500  feet' to  escape 
blufi;  /,  Blufi  of  rock;  J,  30  percent  slope,  no  grading;  K,  Reverse  8  percent  for  50  feet  on  each  side;  L,  Rocks,  tan  bark  oak,  and  heavy^brush; 
M,  Open  point,  switch  backs  on  15  percent  to  18  percent  grade  to  escape  rock  and  tan  bark  oak  sidehill;  N,  Water  falls  and  rapids;jO,  Solid 
ground;  P,  Camp;  Q,  Meadow. 
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Always  bear  in  mind  that  trails  are  used  by  a  class  of  travel  that  is  but  little  affected  by  undulations  and 
a  steep  pitch  here  and  there,  and  that  they  are  not  associated  with  vehicles,  the  carrying  capacity  of  which  is 
limited  by  the  steepest  pitch.  Remember,  too,  that  trails  are  used  by  foot  travelers  and  saddle  or  pack  animals, 
traveling  single  file,  and  usually  in  a  walk.  Lay  out  trails  accordingly,  and  never  be  influenced  by  the  idea  that 
later  a  trail  may  be  converted  into  a  road. 

SECTION  v.— ESTIMATES 

16.— COST  ESTIMATES 

Accurate  estimates  of  costs  of  proposed  projects  based  upon  knowledge  gained  by  field  investigalion,  and 
preferably  upon  data  obtained  from  thorough  reconnaissance,  should  ordinarily  be  made  in  advance  of  allotments. 
Estimates  are  expected  to  be  more  than  mere  guesses.  A  failure  to  arrive  at  a  reasonably  close  approximation 
of  the  cost  of  a  project  is  a  reflection  upon  an  officer's  qualifications. 

Ordinarily,  proposed  primary  or  secondary  projects  should  be  described  in  memoranda,  boiled  down  to 
essential  facts.    The  major  elements  to  be  considered  and  dealt  with  in  a  brief  common-sense  manner  are: 

(a)  Purpose. 

(6)  Length  of  project. 

(c)  Classification,  with  reasons. 

(rf)  Types  of  cover,  expressed  in  miles  of  each  type. 

(e)  Statement  relative  to  amount  of  grading  and  blasting  required. 

(/)  Number  of  bridges,  brief  description  of  each,  and  materials  available  for  construction. 
(g)  Number  and  description  of  signs  needed. 
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{h)  Organization  of  crew: 

(1)  Size  of  crew  proposed. 

(2)  Transportation  facilities  needed. 

(3)  Equipment  needed. 

(4)  Forage  needed. 

(5)  Camping  plans. 

{i)  Period  when  work  should  be  done. 

The  trail  foreman  should  daily  measure  the  completed  trail  and  keep  a  current  check  of  the  cost  of  wages 
and  materials  as  directed  by  the  Regional  Office. 

SECTION  VI.— CONSTRUCTION 

17.— SIZE  AND  ORGANIZATION  OF  CREWS 

Crews  composed  of  8  or  10  men,  including  foreman  and  cook,  are  the  most  economical  on  heavy  construc- 
tion. If  work  is  to  be  rushed,  use  two  or  more  separate  crews  of  this  size  on  sections  worked  from  different 
camps  rather  than  one  large  crew.  On  way  trails,  construction  crews  of  from  2  to  4  men  are  generally  most 
economical.    Exceptions  are  those  cases  where  a  number  of  radiating  trails  can  be  worked  from  one  camp. 

Plan  to  have  blacksmithing  done  by  the  foreman  or  the  powder  men  rather  than  by  any  other  workman. 

Work  swampers  at  least  2  days  ahead  of  graders. 

See  to  it  that  the  line  designating  position  of  grade  is  at  least  1  day  ahead  of  graders. 

Wherever  practicable,  work  graders  far  enough  ahead  of  rock  men  so  that  blasting  will  not  Interfere  with 
graders.    Assign  graders  to  stations  25  feet,  .50  feet,  or  100  feet  apart.    Do  not  permit  them  to  crowd  up. 
Work  rock  men  and  powder  men  behind  graders.    Do  not  blast  stumps  ahead  of  hand  graders. 
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The  trimmer  men  following  the  crew  are  to  smooth  up  tread,  install  water  breaks,  decrease  angle  of  back 
slopes  where  they  are  too  steep,  and  cut  any  interfering  brush  left  by  the  swampers. 

The  organization  can  be  put  into  operation  only  after  the  job  is  well  started.  Entire  crews  might  clear  at 
the  outset  in  order  to  get  3  or  4  days  clearing  ahead.  Then  aU  but  the  regular  swampers  wiM  grade  until  the 
grading  proceeds  a  safe  distance  ahead  of  the  blasting  work.  After  grading  is  well  advanced,  rock  men  and  pow- 
der men  can  be  assigned  their  job.    In  turn,  the  trimmers  can  take  up  their  work. 

For  light  work  see  organization  under  Maintenance. 

18.  -CAMPS 

Keep  camps  as  near  as  possible  to  the  work  and  never  more  than  1  mile  in  advance  of  construction  to  enable 
the  crew  to  work  both  ways  from  them. 

The  ordinary  sanitary  requirements  of  the  Forest  Service  will  be  observed  in  all  trail  camps. 

19.  — STANDARDS  FOR  WAY  TRAILS 

Way  trails  will  be  constructed  and  maintained  entirely  for  fire  control  purposes.  The  objects  of  way  trail 
construction  are: 

(a)  To  prepare  as  rapidly  as  possible  for  the  extreme  fire  emergency. 

{b)  To  provide  a  system  of  ways  sufficiently  intensive  to  permit  any  part  of  a  forest  being  reached  to  afford 
adequate  protection. 

In  locating  way  trails  emphasis  should  be  placed  on  finding  the  cheapest  route  that  will  serve  the  desired  ends. 
Way  trails  will  not  be  located  with  the  idea  of  using  the  same  route  for  a  higher  class  trail  at  a  later  date.  Never- 
theless, disregarding  the  principles  of  determining  a  location  wiU  not  be  tolerated.  A  reconnaissance  of  the  coun- 
try to  be  traversed  should  always  be  made,  followed  by  the  clear  marking  of  control  points  and  the  placing  of 
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marks  (blazes,  strips  of  cloth  on  brush,  etc.)  at  intervisible  points  to  indicate  the  general  line  to  be  followed  by  the 
way  in  connecting  the  control  points. 

Stakes  should  not  be  set  for  way  trails  except  on  the  portions  to  be  graded,  and  where  rook  or  other  obstacles 
make  an  exact  location  necessary. 

Clearing  for  way  trails  should  be  of  sufficient  width  to  provide  for  the  passage  of  loaded  pack  animals. 
Remove  obstacles  within  reach  of  the  extended  arms  of  a  man  standing  in  the  center  of  the  trail.  Overhead 
clearing  to  a  height  of  10  feet  above  the  ground  is  sufficient.  Only  brush  and  small  trees  should  be  cut  and  these 
should  be  cut  as  close  to  the  ground  as  can  be  done  without  increasing  the  cost.  The  object  of  the  trail  is  to  make 
certain  of  a  passable  route  in  the  time  of  need.    The  amount  of  work  done  should  be  gaged  accordingly. 

Grading  of  way  trails  is  not  necessary  except  to  provide  footing  for  pack  animals.  All  grading  work  should 
be  cut  to  a  minimum. 

Ruling  grades  of  way  trails  should  be  15  percent.  Grades  over  15  percent  to  a  maximum  of  40  percent, 
within  the  limitations  expressed  in  table  1,  should  be  used  to  get  the  best  location  at  the  minimum  cost. 

Table  1.- — Permissible  grades  above  15  •percent  on  ways 


Grade  (percent) 

Distance  ordinarily 
permissible 

16  to  25  -.- 

One-half  mile. 
One-fourth  mile. 
100  yards. 

26  to  35— _  

36  to  40   

Reverse  grades  up  to  40  percent,  at  reasonable  intervals,  may  be  used. 
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Marking  of  way  trails  is  of  first  importance.  Way  trails  should  be  marlced  by  signs,  blazing,  or  otherwise 
so  that  they  can  be  readily  found  and  followed  by  a  fire  fighter  at  night. 

20.  — STANDARDS  FOR  SECONDARY  AND  PRIMARY  TRAILS 

Do  not  start  work  on  any  trail  until  the  route  has  been  definitely  chosen  after  careful  reconnaissance  and  the 
main  control  points  established.  Nevei  begin  construction  on  any  section  of  a  trail  untU  the  location  of  that  sec- 
tion has  been  marked  on  the  ground  by  stakes  or  other  plain  markers. 

21.  — STAKING 

At  intervals  of  25  to  50  feet  where  excavating  is  to  be  done,  mark  the  grade  line  with  stakes  or  some  other 
form  of  durable  indicators.  Place  the  indicators  on  grade,  that  is,  where  digging  work  starts.  On  flats  and  along 
slopes  under  30  percent,  where  a  simple  mark  will  take  the  place  of  grading,  space  stakes  or  indicators  only  close 
enough  together  to  make  or  correct  a'inement  of  the  trail  and  uniformity  of  the  grade. 

Wherever  practicable,  foreman  or  some  other  experienced  man  should  scratch  a  narrow  line  between 
indicators  or  stakes.  This  should  insure  an  evenly  sustained  grade.  Mattock  men  or  pick  men  should  never 
start  work  before  the  grade  line  has  been  thus  indicated.  The  foreman  should  see  that  graders  always  use  this 
line  as  a  base.    (See  fig.  2.) 

22.  — GRADES 

No  standard  gradients  are  established.  Use  the  grade  up  to  15  percent  which  will  result  in  the  least  amount 
of  construction,  or  shortest  distance  between  control  points.  If  the  shortest  route  lies  along  a  gradient  in 
excess  of  15  percent  for  more  than  one-half  mile,  cui  the  grade  down  to  15  percent  by  increasing  the  distance,  but 
do  not  go  below  15  percent. 

To  avoid  expensive  construction  and  to  get  the  best  location  at  a  justificable  cost  in  ascending  or  descending, 
use  of  grades  over  15  percent  to  a  maximum  of  30  percent  within  the  limitation  expressed  in  table  2  is  considered 
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to  be  good  practice.  To  accomplish  the  same  object,  it  is  also  good  practice  to  use  reverse  grades  up  to  30  percent  at 
reasonable  intervals  for  distances  which  will  not  give  a  loss  of  elevation  of  more  than  50  feet  in  one  reverse  section. 

Table  1. — Permissible  grades  above  15  percent  on  trails 


Grade  (percent) 

Distance  ordinarily 
permissible 

16  to  20  

One-half  mile. 
One-fourtti  mile . 
100  yards. 

21  to  25  

26  to  30  

Along  creeks  of  slight  fall,  or  in  paralleling  the  contour  of  a  mountain,  make  no  effort  to  maintain  uniform 
grades  if  construction  cost  can  be  materially  reduced  without  material  decrease  in  rate  of  travel.  By  use  of 
undulating  grades  to  a  reasonable  extent,  avoid  bluffs,  slides,  and  exceedingly  steep  slopes. 

Along  ridges  and  points,  always  use  the  crest  of  the  ridge  if  its  ups  and  downs  do  not  exceed  an  approxi- 
mate average  of  15  percent  for  distances  greater  than  those  shown  in  table  2,  or  if  the  crest  is  not  obstructed  by 
a  series  of  projecting  bluffs  or  rocks. 

23.— CLEARING  ON  SECONDARY  AND  PRIMARY  TRAILS 

Clear  to  a  sufficient  width  and  height  to  provide  unobstructed  passage  of  loaded  pack  animals  and  horsemen, 
even  when  the  brush  is  loaded  with  snow.  A  rough  rule  of  thumb  generally  applicable,  but  not  always  so,  is  to 
remove  obstacles  from  either  side  within  reach  of  the  extended  arms  of  a  man  standing  at  the  approximate  center 
of  the  tread  or  point  of  travel.    Overhead  clearing  10  feet  from  trail  bed  is  the  general  working  average  required. 
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Bench  on  /ec^^e 
ffrac/e  arounc/  sie  e/p  po/'n/'S 
s/opes  yv/?/c/?  are  oy&r  30/i 


/5% 


Figure  3— Showing  trail  on  top  of  a  ridg 


Cut  large  trees  only  where  location  around  them  is  impracticable.  Always  keep  in  mind  the  point  of  view  of  a 
forester  as  weU  as  that  of  a  trail  builder.  .  ,     .      ^  ,    ■  •     +i  ^  „^of 

Cut  trees  and  brush  as  close  to  the  ground  as  is  practicable  without  unduly  "^"•'^^^'^gf  ^'^^f,  ,    .   ,  , 
Do  not  blast  stumps  in  advance  of  grading.   Stumps  at  the  top  of  back  slopes  should  seldom  be  blasted  out 
Never  blast  stumps  located  at  the  outer  edge  of  the  tread.   Cut  interfering  roots  but  leave  the  stump  to  serve  as  a 

^'^tcLSnVStt  J^^^^^  faU  timber  downhiU.  where  possible,  and  throw  brush  downhill  if  it  is  not 

to  be  burned. 
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Don'f  blosi-  frees  of-fhis  poin-h,  Swmc/ 
around  larje,  frzes  if  practicable. 

If  nzce,ssar-y  to  remov'e-  -f-hern 
cuihere  anc/fhus.  Blos^  on/y  in  case 
of/asf  A-e  sor-h 


To  blast  sfump  at  points  chonn 
a/ ways  causes  morz  work  and  poorer  trail. 

Don't  blasi-  trees  a-fthis  poinl- 
If  lar(jz  Syvintj  around  them^  or  if 
they  are.  cu-/-  her<z ,  /a,ci^e  sfurnjo 

I n place  to  act  as  support 
for  flo(z,  trai  I. 


Form  oflrai/  when 
(jradincj  is  finished- 


Figure  4. — When  not  to  remove  stumps. 
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24.  — BRUSH  DISPOSAI 

Pile  and  burn  brush,  limbs,  and  tops  under  4  inches  in  diameter  on  projects  to  be  used  largely  by  the  general 
public,  if  in  accordance  with  the  prevailing  timber  sale  practice.    Wherever  safe,  burn  at  the  time  of  clearing. 

On  recreational  trails,  all  brush  and  debris  must  be  disposed  of  by  burning.  If  clearing  has  been  accomplished 
during  the  fire  period,  the  debris  should  be  piled  for  later  destruction. 

On  projects  in  more  isolated  regions  to  be  little  used  by  the  public,  dispose  of  the  debris  by  lopping  and 
throwing  it  downhill,  or  by  roughly  piling  it  beside  the  trail  on  level  or  nearly  level  locations.  However,  where 
the  Regional  Forester  considers  it  sound  practice  to  dispose  of  brush  completely,  pile  and  burn  it.  Brush  should 
not  be  piled  and  burned  merely  for  the  sake  of  the  brush-burning  principle. 

25.  — WIDTH  OF  TRAIL 

Width  of  trail  means  the  distance  from  the  inside  edge  to  the  outside  edge  of  the  trail.    (See  fig.  5.) 
Table  2  and  figures  6  to  10  indicate  specifications  and  designs  applicable  to  primary  trails  under  varying 
slopes.    Exception  may  be  made  only: 

(a)  Where  a  ditch  is  necessary  to  carry  off  seepage  from  springs.    (See  fig.  17.) 

(6)  On  certain  recreation  trails  where  the  Regional  Forester  can  justify  the  construction  of  wider  trails  than 
described  in  the  specifications  and  diagrams. 

To  warrant  any  exception,  a  showing  must  be  made  in  every  case  that  the  exception  is  justified  by  some 
inescapable  demand  rather  than  upon  a  Forest  Officer's  interpretation  or  opinion  of  what  the  recreationists  want 
or  need  in  the  way  of  trails.  Under  normal  conditions  and  circumstances,  trails  built  upon  the  specifications  for 
primary  trails  are  adequate  for  all  purposes  including  recreational  use.  Forest  Officers  should  educate  the  public 
in  good  trail  economics  and  wiU  never  encourage  extravagant  ideas  in  trail  construction. 

It  is  recognized  that  completed  secondary  trails  on  steep  slopes  and  rough  ground  may  approach  the  stand- 
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Width  of-  trail 
means  from  insicfe  edje  to 
oufside  edge 


Figure  5.— How  to  measure  width  of  trail. 
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Remove  loose  ^<'rll>  ands/ic/e  rock  S 'io  3' above  ^o/<je  of  hacAs/ope. 
'which  will  obviously  soon  3licl<z   inio  frail 
Leave  no  slump  io  sprou+  ol  Ihls  anjie. 

Clear  inside,  Corn<zr  Leave  no  rock  rools  orearlh 
'inposihon  dzsi<jna^Q.d  by  sHado-d  iriancfle. 

Clear  Iread  of  rocks  and  slampi.  Leovz  no  small 
rocks  or  rools  ai posihon  indicafed  by  dolled  line. 

Heap  e-arlh  in  form  of  a  dirl  rail  lo  hai(j[hi 
of  6"  to  8".  Ploc<z,  rocks  on  dirl  rail  or 
out  bicj  rocks  in place  of  dirf  rail 


FiGTJEE  6.— Cross  section  of  typical  trail  on  slopes  between  30  and  85  percent. 
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■  Ramovd  /oose  ear^h  and  s/ide  rock  ^  ' i-o  3' oiioi^e  z  c/(^ of  iioc^s/ope 
which  ivil/  obv/ous/y  soon  ^//c/e  into  frail. 
^^Luayz  no  stump  fo  sprouf  at  ihis  an<fl<i. 


Clear  insic/e  corner  Leav-e  no  roc^roo-/s,orearth 
in posiiion  c^esicj/natec/       shao/zc/  fr'an^/z. 


C/ear  treac/  of  rocks  anc/  root^.  Leave  no  sma// 
rock^  or  roots  atposdion  indica^eof  by  c/oifecf  /in<i 


Heap  earth  in  form  of  a  dirt  rail  fo  haiifhf 
of  6"to8"  Place,  rocks  on  dirt  rail  or 
put  bicf  rocks  in  place  of  cfirf  rail 

Prim  ary   Trails.  i  n  1 1  is 

<'4-  fo  30"iviale  on  slopes  'illft 
from  85XC40'Jancl  I65X(60'J' 
•Secondary  Trails. 
Not  to  exceed  dimantion  cfivan  '%( 
ahovz.  te.ss  In  most  oases  will  s'uffice.1////^ 
FIOUBE  7. — Cross  section  of  typical  trail  on  slopes  between  85  and  185  percent. 

25 


Provide  pock  clearance  in  easiest  poS3ih/e 
way.  Half  tunnel  tffec-^  may  be  uszd  fo  ad— 
Yani-a<^e  unde-r  cer-foin  conditions 


5tQrf  bockslopic.  24''abovz  frail  frcad. 

Liz.av<i  bunch  in plocz  if  land  50  bmaks. 

Zfoniis  piliz-d  on  oui<zr  tzdcjz. 


Don  f  make  frzads  wider  to  qui- 
pack  c/eorancz .  The  nidfb 
shown  in+e-nc/s  thai  pack 
\clearanca  be proyideo/  by 
/  iTKerca^a-fincf  fliz  bonk 
\.3i-ari-incf  of  a  poin-k 
/}\approxima^ely  kI Ft. 
oboi'e.  tread. 
Figure  8.— Trail  construction  around  bluffs. 
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ffemove.  /oosa.  eor-M  one/ s//a'e.  rock  S  ' hi  3' aho</<z.   e<^<je.  of  bacAs/ojoa. 
which   n/ll  cbvious/y   soon  ^/,de.  jn-^o  i-rai/ 
Lza</e.  no  sfun-tp  i-o  sprout         fhis  ancj/a, 

C/eor  '^S'ty'e  ccmer  Leave  no  roc  A  roo^s,  or  ear^h 
^po^.i-.cn  c/«^,cfr,al-ac/  by  shoc/ec/  ^r,an<^/e 

C/eor  rr^crc/o^ recks  anc/roo^i    Leoy e  r,o  Srr, a // 

rocAs  or  roohs  af-po3ihon  mc/ic a^-ec/ by  dofJ-ec/ line . 

P/acz  rock  firmly  ambec/dad 
in  fill  rancjincf  frono  6  " fo  l^  'ajoarf 


fill maa/e.  frorn  eieco^Qf&c/ 
\dirf 


Primary  Trails 


\     nida  on  siojoes  oeftvee 

;  307'(l7°)or,d S5Z (40') 

',£4-  /-oJO  'on  slopes  he  fween 

'S5Z(40'J  anof  /65  Z  (60') 

Secondary  Trails. 
Not  -to  exceed  e^' on  slopes  6a  f men  50^-  (£7°) 
and  85X  (40V  con  be/ess.On  slopes  bafyveen  85% 
(40')  and  165%  dbO')  not  to  exceecf  widfh  of 
primary  frail    Less  in  mosf  coses  will  suffice, 
r or  yvid^h  on  afaeper  slopes  sea  Fij.  3 

Figure  9- -Type  of  trail  suited  to  regions  of  heavy  rains 
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ards  of  width  and  finish  of  primary  trails,  but  should  seldom  equal  and  never  exceed  them.  Always  confine  work 
on  secondary  trails  to  that  which  is  just  necessary  to  furuish  reasonably  easy  and  safe  passage  and  no  more. 
Do  not  grade  treads  on  ways  except  where  impossible  for  loaded  animals  to  pass.  Confine  work  to  clearing  logs 
and  brush  and  unescapable  groups  or  reproduction. 

26.  — ROCK  SLIDES 

In  building  either  class  of  trail  across  rubble  slides  remove  only  sufficient  material  to  provide  good  footing 
for  an  animal.  Do  not  attempt  to  make  a  nice-looking  job.  To  do  so  may  mean  the  making  of  a  deep  cut  which, 
if  the  rock  is  small,  seriously  disturbs  the  equilibrium  of  the  material.  This  disturbance  frequently  leads  to  never- 
ending  obstruction  and  continuous  maintenance  (figs.  11-12). 

27.  — TURNOUTS 

Along  very  steep  slopes,  under  certain  circumstances  of  use,  it  may  be  necessary  to  improve  natural  turn- 
outs at  intervals.   Such  places  are  most  commonly  found  on  points,  or  in  gullies  or  ravines. 

Short,  rough  treads  above  or  below  the  regular  one  may  be  made  to  provide  passing  places  for  pack  trains 
or  other  forms  of  heavy  travel  on  long  stretches  of  abrupt  slopes  lacking  in  natural  turnouts.  Confine  work  on 
passing  trails  to  the  minimum;  merely  make  a  passing  place  safe. 


I 
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Jfubb/e  J/ic^e 


f/7/  iv/M  e^r^h,  bro/ren  roc/c, 
rotten  yvooc/ or-  bark,  pre/'caS/y. 

J  reff^oi^/nf  r?73/ef^/a/  fror)^  /^e  />7j^er  bank 


Table  3. —  Width  of  Ways  and  Trails 


Class  of  trail 


Ways. 


Secondary.. 
Primary..- 

Secondary., 
Primary. 
Secondary. 
Primary.  __ 
Secondary- 
Primary... 


Side  slopes 


Percentage 


0  to  50-. . 
0  to  30... 

50  to  85... 
31  to  85— 
85  to  165- 
85  to  165.. 
Over  165. 
85  to  165- 


Corresponding 
degree  of  slope 


0  to  26. 
0  to  18_. 

27  to  40. 
18  to  40. 
40  to  60., 
40  to  60- 
Over  60. 
40  to  60. 


Width  over  all 
(inches) 


None   

....do   

24  maximum  

..-.do  

30  maximum  

24  to  30  maximum--. 

36  maximum  

24  to  30  maximum... 


Notes 


Do  not  grade  where  loaded  pack  animals  can  get  footing.  Where 
grading  is  actually  necessary,  make  treads  only  wide  enough  to  give 
footing.  Twelve  to  fifteen  inches  is  enough. 
(Simply  mark  a  narrow  line  to  indicate  the  proposed  line  of  travel.  If 
i  stumps,  rocks,  and  roots  occur,  remove  them  only  to  a  width  suffi- 
1  cient  to  provide  free  passage  and  never  in  excess  of  24  inches. 
/Any  width  to  a  maximum  of  24  inches,  which  will  make  passage  rea- 
\   sonably  easy  and  safe. 

/Any  width  up  to  a  maximum  of  30  inches  which  will  make  passage 
\   reasonably  easy  and  safe. 

/Any  width  up  to  a  maximum  of  36  inches  which  will  make  passage 
\   reasonably  easy  and  safe. 
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Jf  additional  spaca  is  raquirad  fo 
tjive  ample,  clearance,  for  pocks  and 
ji-irrupSj  proi/ida  if  by  zxi-andinq  iha 
bockslopa  from  o point  not  lass  than 
2'aboya  the  iraad as  indicafed  by 

hachurad  area. 


Normal i  or^  fo  I  slope. 
2tarito  dicj  back  slope  ai  this  point 


Most  aconomical  mefhod  of proyidinq 
c/earance  for  pock  and  jfirrup  on  slopes 

Figure  13.— Economical  method  of  clearing  for  pack  and  stirrup. 


28.— BACK  SLOPES 

In  earth,  start  back  slopes  from  inside  edge  of  tread. 
Give  sufficient  pitch  to  the  back  slopes  to  bring  the 
earth  to  angle  of  repose.  If  packs  or  stirrups  will  not 
then  clear,  provide  ample  room  by  removing  more 
earth  from  the  bank  at  the  position  designated  in  figure 
13.  These  instructions  apply  to  both  primary  and 
secondary  trails. 

In  solid  rock,  start  back  slope  2  feet  above  trail  tread. 
Additional  clear  space  for  packs  or  stirrups  should  be 
]3rovided  in  the  easiest  possible  way.    (See  fig.  8.) 
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Guord rai7 to prev^sr?^  cross 

Se^ posts  a-f  /eas^  ^  '/n  so/Zc/  e-arth 
C/se  ro/  r^js/s -tarry  t  ///77i)tf/^^^^_ 


/?ec/ace  (^r-i:tc^e  on  ^urns  7t? 
/OX  or  /zss  -for  a  s/zs/^ance 
ofS  or  £  ' 


29.— SWITCHBACKS 

Switchbacks  are  undesir- 
able and  involve  the  mov- 
ing of  large  quantities  of 
material.  They  are  often 
necessary  on  primary  and 
secondary  trails  where  the 
physical  characteristics 
limit  the  location  rather 
definitely,  and  where  the 
difference  in  elevation  be- 
tween two  points  is  such 
that  the  maximum  allow- 
able grade  is  not  sufficient 
to  meet  the  required  rise  in 
the  distance  obtainable. 

Some  method  of  pu-e- 
venting  crosscutting  should 
be  used  on  primary  trails 
unless  the  turn  is  made  in 
solid  rock,  or  around  a  large 
ti'ee.  Two  methods  are 
shown  in  figures  14  and  15. 


Figure  14.- 


-Desirable  width  of  tui-n  and  guard  rail. 
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3howin^  uje  of  rock  wa//  -fo  ^rev^enf  cross  C(////h^  iums  of  sw/^h  backs. 
Use  on^  where  rock  of  subs/^nHa/  ^/'^es  <?/-<e  /7anc/^ 


Sed  of  /ower  /cy  afirai. 


ded  of  up^er  /ey  of^a/A 


Cro5S  ^<zcf/on  /0't^/7sac^  of  furn  shovv/n^  asC  of  cZ/rf  ra//  or  cuf /6'^  24' 
cf<z£p  ancf  rock.^  on  oa-f-er  em'b<3nkrr7<znf  fo  ^reven^  <iross  caff/n^  On  ^kvrh:Jt  hack 

PiGURE  15. — Rock  wall  to  prevent  crosscuttmg  on  turns, 
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30.— HOCK  WALLS 

Rock  walls  should  be  used  only  where  it  is  cheaper  to  construct  a  wall  than  to  blast  out  a  new  trail  tread. 
(See  fig.  16.) 

In  wall  construction,  a  foundation  is  first  prepared  on  solid  earth  or  rock.  The  minimum  width  of  the 
foundation  should  be  2  feet,  and  the  outer  edge  should  then  be  6  inches  higher  than  the  inside  edge. 

Use  only  sound,  durable,  and  well-shaped  rocks.  Ordinarily,  use  no  stone  less  than  3  inches  thick  nor  less  than 
three-quarters  of  a  cubic  foot  in  volume  in  the  body  of  the  wall.    Use  of  smaller  stones  for  chinking  is  permissible. 

Be  sure  that: 

(a)  At  least  one-fourth  of  tiie  front  and  rear  face  of  the  wall  is  composed  of  headers  having  a  length  of  at 
least  two  and  a  half  times  the  thickness. 

(b)  All  projecting  points  are  removed  from  top  and  bottom  of  main  rocks,  and  that  each  is  laid  with  good 
bearing  on  its  broadest  face. 

(c)  All  headers  are  laid  with  their  greatest  dimension  extending  into  the  wall  and  never  parallel  to  it, 
except  at  corners,  in  which  case  alternating  headers  should  cross. 

(d)  The  outer  face  of  the  wall  has  a  batter  or  a  slope  inward  of  at  least  3  inches  to  each  foot  of  height. 

(e)  The  wall  has  a  front  and  rear  face  well  tied  together  with  good  big  header  stones. '  Avoid,  without 
exception,  the  practice  of  laying  up  a  face  course  of  any  kind  of  rock  and  filling  behind  it  with  small  rocks  and 
dirt  as  the  wall  goes  up.    It  will  surely  collapse  sooner  or  later. 

3L— DRAINAGE 

Drainage  structures  will  take  three  forms: 
(a)  Open  ditches  (fig.  17)  for  seepage. 

(6)  Water  bars  (figs.  18  and  19)  to  turn  seepage  and  run-off  of  rains  and  snow  from  the  trail 
(c)  Culverts^ 
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^/7ow/n^  a  fyjsic^/ unav^o/Wahe  e^eyOrcss/ort  r^t^u/r/n^  <*  roc/r\/^// 
Ocn'^ use po/es  fo  sue/?  <p ^/ac&  rf  racfc  /s  a^' /lanc/ 


2how/n^  face  tsnd /nfermce/ia^e  Asyer 
a/  rtxzA-s  /n  a  co^rec/Zy  /aiei    foc/c  uva//. 


Use  /o/'^cs/  rocA  ava/Za^/^ 
A>f  ^op  course 

Trcae/  \  See  hJHhai  courses  /jat^e 

\/)^ara/  j/ope. .  A/eyer  oej'^arc/ 

S/ope  or  ba/fer /nwarc/ 
■fha  ofy\/ei//  from  Z  ' 

■k) 3"j^  e^sc-h  //  of  he/^M 

l/se  or7/y  Sc/6sfar7f/e3/ 
,s7i?nes  Of?  ho/Zom  counsc 
S/op^  /buncfesf/or? 

^ever  /ess  /6<p/7 
S  ^  'or?  /oc/r7c/affor7 

Shokv/'n^  cross    secf/on  e^er 

corrcc/^   /£f/c/     roc^  \/y-a//. 


'a  nseA  /or  Asac/e. 
A/ways  p/ace  /on^  nctrrot^  sfanes 
/rr/o  Zhe  vMa/J,  neirer  para//eJ  to  ^he 
face  of  H^c  wa/A 


Figure  16.— Building  a  rock  walli 
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If  Cj/round  is  ooff^placQ-  po/<z,3,  ^^^^ 
h<z/d in  yo/o-ce  y^ifh  Shakes,  -f-o pret/enf 
animals  fr-onn  walkincj/  Tte  yyofnc/  or 
in-ho  -Hiiz  dil-ch. 

Figure  17.— Trail  provided  with  drainage  ditcis. 
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JlGUKE  18.— Profile  of  t'rade  lioe  aT  water  bars. 
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32.  — OPEN  DITCHES 

Open  ditches  should  be  used  to  drain  seepage  or  run-off  from  springs  located  above  a  trail.  If  the  earth  is 
solid,  open  ditches  may  be  used  to  carry  the  water  across  the  trail,  but  the  use  of  water  bars  or  culverts  is  con- 
sidered better  practice.  Never  use  open  ditches  to  drain  the  run-off  from  storms  or  melting  snow.  If  the  ground 
is  soft,  the  ditch  should  be  protected  as  shown  in  figure  17. 

33.  — WATER  BARS 

Install  water  bars  at  the  time  the  grading  work  is  done.  The  character  of  the  soil  and  the  volume  of  the 
run-off  will  determine  the  interval  between  water  bars.  This  general  statement  must  not  be  interpreted  to 
mean  that  water  bars  may  be  entirely  omitted.  They  must  be  placed  at  intervals  of  not  more  than  500  feet  on 
long  grades  where  other  provision  for  cross  drainage  is  not  made.  They  should  be  installed  at  an  angle  of  30°  to 
45°  to  a  straight  line  across  the  trail. 

In  selecting  places  for  water  bars  and  other  forms  of  drainage,  advantage  must  be  taken  of  natural  obstruc- 
tions. Trees,  stumps,  roots,  and  rock  aid  materially  in  preventing  erosion  of  the  outer  embankment.  It  is 
sometimes  good  practice  to  riprap  the  lower  side  of  the  trail  when  the  soil  is  loose  and  natural  obstructions  are 
not  available.    Figures  18  and  19  illustrate  the  construction  of  water  bars. 

34.  — CULVERTS 

Culverts  should  be  constructed  when  necessary.  It  is  sometimes  necessary  to  construct  culverts  to  cross 
streams  where  soft  bottoms  and  boggy  land  on  each  side  make  travel  difficult.  Culverts  are  sometimes  construct- 
ed to  drain  seepage  water  across  trails  when  the  earth  in  the  trail  is  soft  and  subject  to  erosion.  Culverts  should 
be  constructed  of  large  stones  or  durable  timber. 
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SS.-CORDUROY 

Avoid  bogfiy  land  to  the  fullest  pos.sil)le  extent,  even  if  to  escape  it  the  best  topographical  location  of  a 
trail  must  be  sacrificed,  the  best  grades  abandoned,  and  the  lengtli  of  a  trail  materially  increased. 

If  impracticable  to  avoid  swamps  and  bogs,  first  consider  the  possibility  of  making  a  dry  tread  by  draining 
as  illustrated  in  figure  21.    If  that  is  not  feasible,  lay  corduroy  across  such  places. 

Do  not  try  to  fill  boggy  places  with  large  rocks.  It  is  bad  practice,  and  the  result  is  simply  a  place  in  which 
'  a  horse  may  injure  or  break  his  leg. 

Principles  to  l)e  observed  in  all  corduro}^  constructions  are: 

(a)  Extend  the  ends  to  solid  ground. 

(6)  Use  the  most  durable  timber  available  of  substantial  size. 

(c)  Remove  the  bark  from  the  logs. 

(d)  Wherever  practicable,  place  the  entire  structure — sills,  stringers,  and  flooring — below  tlie  mud  line 
instead  of  placing  it  on  sills  which  elevate  the  structure  above  the  line  of  permanent  moisture.  This  practice 
will  help  to  prevent  rot. 

(e)  Provide  an  adequate  base  of  stringers  and  add  sills  to  p'revent  sagging  and  tipping  of  any  section  of 
the  structure. 

(/)  Fasten  the  flooring  in  place. 

ig)  Lay  flooring  crosswise.  This  prevents  stock  from  slipping,  especially  where  corduroy  is  necessary  on 
a  grade. 

) 


41 


amoijn/^  of ^r-oSa^}/6  fun  off 


wa^er  courses 


Figure  20.— Trails  across  arroyos,  draws,  and  ravines. 
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Oonof-  usz  round  ma^er/a/  /ess  ihan  8  in  c/iama/e.r 
/aic/  /erxffhw/se  nor  s/olif  ma/eria/  /cjs  /-hon  /0"yv/c/e. 

P/aceenh'rz  ^^ruc/cire,  he/ow  /he  mud /inz  if praciicah/a 


Jp/if-  oec/or  or  fir 
No/  /ess  fhan  4  "fl^ick 


Spil<es  or  /ree  nails  I  in  c/i'ame,+e.r 
La//er  prefferred 


No/  /ess  ihan  I 
30  'wide 


J 


5ilh  nol-  /ess  //ion  6  \ 
in  diome/ar  and  4z  /onj 

Sil/s  Inhere  /no  sec/ions 


cm  no/  /ess  //lan  8  in  c/iamedipr 


than  6  'in  c/ia 


'Dram 

SioLe  i/iew  of  sp/'f  corcturoy 
Figure  22  — Section  of  split  corduroy. 


\5ill  no  f  lass 
Hion  8  'in  dia 
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,  ,  6"/o8"c//o. 

!  ■^/l/:>prox.  6  between  ■  |  ^ 


Minimum  6  "c/i'a.  f/oce  /arqe-  S///S 
£?/  enc/s  anof  under- Jo/nt. 


Sill no^  Zeiss  i-han  S'/ontf 
baftar  6  '/on(^ 


i/n/c3s  /Ac  j/Z/j  ana/  ain'rK^e-r^   ore  <z^b<^o/o/ec/  Jy^  /o^ jotn^ 

/f  f/ooK  13  no-Z^  coyertzd  m  muc/^c/on'f  ha^e  doM  s^rmc^cr^,  jo/'n  on  f-he.  on  3tr/n<^ef. 

v^iihdirt-^QcZz  off  round  some  ^//l  BreoA  or  j/oc^c^e^  join^  ■   3/nd/n^  Po/e  5Vo8'/>>c//a 

cf^unc/rcon  as  sphf  or  rounci  f,oor;n<f  5'or  nai/ /' to /i'm d,a.      recomrr^cr^c/^c/  fastened yv^-^h 

indicated(Oe.e  ff.J     more  afih/nmsf  joo  ' 


5frin<f<2.r  centers 3'a^ar/r 
0ind/n<f  po/e  cenfers 
3'ojoorf 


on  6^r/n^er. 


\P/ace  ends/Z/s  in  Qoiid  Cjfrouna  Drain 

pract/ccrJb/e,  ondcoye.r-  /'/oor/'rx^  t 
-  A  m<sfhod  of joiachij  j^//Z  f/oor/'nj  -fo 


■;f/7c/irf: 


make  afair/y  ei^en  floor       This  method  /J 
cheajoer  and  e(^uo//y  c?J  jood'as  the  ac/^ec/ surface. 


Figure  23. —Views  of  ordinary  sill  and  stringer  corduroy. 


36. -FORDS 

Fords,  in  place  of  bridges,  are  to  be  favored  where  suitable  ones  can  be  located.  The  ideal  ford  is  at  a  point 
where  the  stream  widens  out,  with  a  slackening  in  velocity  and  a  gravelly  bottom.  Carry  grading  to  the  water's 
edge  so  an  animal  will  not  drop  off  on  one  side  and  have  to  scramble  out  on  the  otlier.  Wherever  practicable, 
rocky  fords  should,  during  low  water,  be  improved  by  rolling  out  or  blasting  rocks  from  the  tread  and  filling  in 
witii  smaller  rocks  and  gravel,  or  by  rolling  tbe  loosened  rock  to  the  downstream  side  to  restrain  debris  in  the  form 
of  sand  and  small  rocks  which  in  time  will  accumulate  and  make  a  good  bottom.  A  log  firmly  fixed  across  smaller 
streams  may  sometimes  be  effectively  used  to  form  a  barrier  to  liold  debris. 


SECTION  VII.— MARKING 

37— BLAZING 

Place  Forest  Service  trail  blazes  so  that  they  are  visible  to  a  traveler  approaching  in  either  direction.  Graded 
sections,  except  in  deep  snow  country,  require  little  or  no  blazing.  Ungraded  sections  should  be  carefuUy 
marked.    Any  more  blazing  than  actually  needed  is  a  waste,  and  is  often  very  unsightly. 

Blazing  should  be  done  only  as  construction  progresses.  Trails  into  temporary  camps  should  not  be  marked 
with  standard  blazes. 

Table  4  specifies  a  system  of  marking  Forest  Service  trails.  It  applies  to  aU  existing  trails  not  adequately 
marked  and  to  all  new  construction. 

Table  4. — Marking  systems 


Location 

Character  of  markers  in  order  of  preference 

(1)  Forest  Service  blazes  on  both  side  of  trees;  optional  on  graded  trails,  except 
in  deep  snow  country. 

(1)  Posts,  or  posts  and  markers  or  stone  monuments  300  feet  apart  (approxi- 
matelv).   Blaze  trees  on  both  sides  of  the  opening. 

(1)  Blazes  on  trees  on  both  sides  of  trail;  (2)  posts,  or  posts  and  markers  or 
monuments  on  both  sides  of  the  trail. 

(1)  Small  rocks  placed  on  larger  ones  commonly  known  as  ducks  ;  (2)  monu- 
ments, 300  feet  apart  (approximately);  (3)  posts,  or  posts  and  markers. 

(1)  Blazes;  (2)  posts,  or  posts  and  markers  or  stone  monuments. 

Across  meadows  and  other  openings  over  600  feet  wide   

All  other  places  where  a  traveler  may  be  in  doubt   
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Or)  fhin  bark  trees  nia/ce  neat  box  ///<e 
t>/aje.^  not  a /orxjr  rffc^^oc/  one  resu/t/nc^ 
from  a  cc7re/eS5  jyv/^<z-  of  an  a>fe.  5e0  to 
it  ihot  a'(e,-m(^>^  o/onot  ej<.ceect  ct/mizrJS/orts 
QiY<zn.    Do  no/'  was/e  time  mo/c/'ng  square 

corners,  /I  stro/(e  up,  a  strode  c/o/vn,  anc/ 
rernoya/  of  //>e  dar/<  Ae/^een,  !n 
/he  eos/es/  poss/6/e  rnanner,  is 
fhe    correc/  prac//'ce . 


Figure  24  —Trail  Maze. 
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SS.  -SIGN  POSTING 

Simple  and  inexpensive  markers  are  desirable  on  a  main  trail.  The  location  of  markers  should  be  indicated 
as  the  construction  progress  is  measured.  If  permanent  signs  are  not  available,  use  temporary  signs.  The  rough- 
est sign,  lettered  with  charcoal,  pencil,  or  crayon  is  better  than  none  at  all.  The  ultimate  objective  is  to  have 
metal  signs  of  standard  design  for  the  Forest  Service  at  all  trail  forks,  intersections,  fords,  etc.    (See  figs.  26  to  28.) 

Use  substantial  posts  of  the  most  durable  timber  at  hand,  peeled,  and  well  set,  for  signing  all  heavily  used 
trails  (fig.  29).  Otherwise,  put  all  the  better  types  of  signs  on  correctly  located  large  trees  wherever  possible 
and  never  on  a  limber  or  crooked  sapling  or  bush.  Do  not  place  signs  on  poorly  located  trees,  such  as  trees 
out  of  line  or  ones  bordering  the  trail,  but  50  or  more  feet  ahead  of  or  back  of  an  intersection  of  two  trails. 
Never  place  signs  lower  than  5  feet,  and,  as  a  rule,  not  more  than  6  feet  above  the  ground.  In  regions  of  heavy 
snowfall,  or  in  localities  where  damage  by  cattle  is  probable,  heights  up  to  7  feet  are  approved.  Metal  signs 
should  always  be  backed  with  boards  and  attached  with  screws,  preferably  blued  screws,  never  with  nails. 
The  instructions  on  the  mechanical  features  of  sign  posting  may  be  summed  up  by  saying:  "Give  sign  posting 
the  stamp  of  good  workmanship." 

An  Axiom 

,4;  every  intersection  there  should  be  at  least  TWO  directional  signs 
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SECTION  VIII.— MISCELLANEOUS  PRACTICES 

PRACTICE 

The  following  suggestions  are  worth  the  study  of  all  users  of  this  handbook: 

Good  practic^^^_^^  of  rags  or  paper,  or  any  other  mark  easily  obliterated,  to  mark  preliminary  location 
lines. 

2.  To  start  to  dig  tread  from  the  grade  line. 

3.  To  use  the  undercut  method  of  digging.  4.u    ^-  +  ^,,+ 

4.  To  have  grader  stand  on  the  lower  side  of  the  grade  line  in  order  that  he  can  draw  the  dirt  out- 

ward and  shape  the  dirt  rail  without  the  need  for  a  shovel. 

5.  To  use  shovels  sparingly  on  the  average  trail  Job.  ,         ^  ^  +  K,„,.v,in<r 

6.  To  have  the  foreman  designate  sections  25  feet  to  50  feet  long  for  each  man,  to  prevent  bunchmg 

of  men.  .jj..    «  ^  a 

7.  To  have  the  foreman  equipped  with  a  measuring  stick  to  check  up  width  of  tread. 

8.  To  use  "single  jacks"  on  drills  in  soft  rock. 

9.  To  use  40  percent  explosives  for  rock  work. 

10.  To  use  20  percent  explosives  for  stumping.  .    .  ,  u     f  +v.<. 

11.  To  study  the  comparative  cost  in  time  and  material  in  use  of  explosives  as  against  labor  for  the 

doing  of  a  given  job. 

12.  To  do  all  blasting  just  before  noon  or  evening  quitting  time  whenever  practicable. 
13  To  have  at  least  one  wheelbarrow  on  every  primary  trail  job. 

14'.  To  have  plenty  of  tools  and  to  have  sharp  ones  in  the  hands  of  every  man  who  uses  an  edged  or 
pointed  tool. 
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15.  To  make  camps  comfortable  for  men. 

16.  To  serve  good,  substantial  food,  and  to  go  light  on  fancy  stuff. 

17.  To  have  cooks  carry  hot  food  to  men  on  the  job  rather  than  serve  cold  lunches  or  to  walk  men  long 

distances  to  dinner. 

18.  To  treat  men  fairly  and  to  expect  and  get  a  full  day's  work  from  everyone. 

19.  To  discharge  promptly  those  who  do  not  give  a  full  day's  work. 

20.  To  discharge  promptly  the  chronic  "kicker." 

21.  To  measure  carefully  each  week  the  amount  of  trail  completed  and  to  check  cost  of  the  output. 

22.  To  mark  mile  points  as  construction  work  progresses. 
Bad  jjractice — 

1.  To  blaze  out  preliminary  location  lines. 

2.  To  start  to  dig  tread  from  a  point  above  the  grade  line. 

3.  To  dig  trails  so  wide  that  the  use  of  a  shovel  becomes  necessary. 

4.  To  permit  mattock  men  or  swampers  to  select  places  to  start  work. 

5.  To  make  trails  wider  in  good  ground  than  on  rough,  steep  places  simply  because  it  is  easy  and  nice 

to  do. 

6.  To  follow  recklessly  tlie  notion  that  use  of  explosives  is  cheaper  than  labor  in  the  removal  of  small 

stumps  and  logs. 

7.  Blasting  at  any  time  the  rock  men  or  powder  men  might  have  holes  ready  to  shoot. 

8.  To  permit  men  to  work  with  dull  tools. 

9.  To  use  poles  covered  with  dirt  to  span  depressions  unless  very  rot-resistant  material  is  available. 
10.  To  use  nondurable  poles  under  fill  as  a  support. 
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SECTION  IX.— MAINTENANCE 

40.  -POLICY 

The  maintenance  policy  is  stated  in  paragraphs  2  and  9.  Slighting  of  maintenance  work  allows  the  standard 
of  the  trail  to  decline  until  reconstruction  becomes  necessary.  Overdoing  maintenance  hmits  the  mileage  that 
can  be  maintained  with  avaUable  funds.  Well-balanced  work  is  required.  Construction  should  not  proceed  so 
rapidly  that  maintenance  cannot  be  kept  apace.  Remember  that  anything  worth  constructing  is  worth  main- 
taining properly. 

41.  — CLASSmCATION 

Maintenance  is  classified  under  three  general  headings: 
(a)  Emergency  maintenance. 
(6)  Ordinary  maintenance. 

(c)  Extraordinary  maintenance.  ,  ,  ,    u  ^  +i. 

Emergency  maintenance  includes  aU  work  that  must  be  done  to  make  traUs  simply  passable  before  the 

fire  season  opens  or  before  the  regular  crews  complete  the  repair  of  a  given  trail.  _ 

Ordinart  maintenance  has  first  call  upon  available  funds,  following  emergency  maintenance.    It  will  be 

done  currently,  and  ordinarily  includes: 

(a)  Routine  work  of  clearing  trails  of  all  logs  and  interfering  brush. 

(6)  Clearing  tread  of  smaU  slides  and  debris  from  the  inside  of  the  tread,  and  light  repair  of  treads, 
(c)  Upkeep  of  drainage  systems. 
{d)  Repairing  wash-outs. 

(e)  Light  repair  of  bridges,  culverts,  and  corduroys. 
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(/)  Removing  rocks  and  roots  from  treads  to  make  feasible  the  use  of  plows  and  scrapers  in  removal  of  the 
debris. 

(g)  Upkeep  and  replacement  of  trail  markers  and  signs. 

(h)  Tearing  down  and  burning  or  burying  mutilated  and  faded  "Fire"  and  "Reward"  signs. 
Extraordinary  maintenance  is  given  high  priority,  usually  ahead  of  new  projects  in  trail  work  plans. 

It  comprises: 

(a)  Removal  of  dense  growth  of  brush  and  trees. 

(6)  Removal  of  heavy  downfalls  of  timber  over  considerable  distances. 

(c)  Removal  of  heavy  slides  or  reconstructing  new  sections  of  tiails  around  slides. 

(d)  Replacement  of  cribbing,  preferably  by  rock  walls,  and  rebuilding  of  damaged  rock  walls. 

(e)  Regrading  of  tread  at  proper  position  where  it  has  worn  downhill. 
(J)  Making  dangerous  places  safe. 

(g)  Relocating  and  constructing  new  sections  where  mistakes  in  original  location  materially  reduce  average 
rate  of  travel  over  the  project  as  a  whole  or  where  the  original  trail  is  so  badly  damaged  that  reconstruction  is 
necessary. 

(h)  Replacement  of  unsafe  bridges,  culverts,  and  corduroys. 

(i)  Providing  drainage  which  entails  a  large  amount  of  work, 
(j)  Replacement  of  trail  markers  in  considerable  numbers. 
(A;)  Improving  grades  on  steep,  broad-faced  ridges. 

42.— SPECIFICATIONS  FOR  CONSTRUCTION  APPLY  IN  MAINTENANCE 

All  specifications  under  the  section  "Construction",  whether  specifically  mentioned  under  the  "Mainte- 
nance" chapter  or^notj  insofar  as  they  cover  the  maintenance  field,  are  to  be  followed  in  maintenance.  For 
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example,  in  repairing  treads,  shape  them  according  to  proper  design  for  the  region  (see  figs.  6  to  10);  or  in  tht, 
installation  of  water  bars,  follow  design  shown  in  figure  19. 

43.  -MAINTENANCE  SEASON 

Ordinary  maintenance  may.  continue  throughout  the  field  season.  It  should  be -the  plan  when  moving 
crews,  to  place  them'  where  they  will  be  of  the  greatest  advantage  in  fire  control. 

44.  — ORGANIZATION  FOR  MAINTENANCE 

Use  the  type  of  organization  which  will  do  the  most  work  for  the  least  cost  on  all  repair  jobs. 

45.  — ORDINARY 

To  do  ordinary  maintenance,  if  dirt  in  small  quantities  only  is  to  be  removed,  mobile  crews  composed  of 
3  men  including  a  "worker  boss"  or  foreman,  equipped  with  suitable  tools  and  cook  outfits  and  2  or  3  burros 
for  moving  camp  as  work  proceeds,  have  proved  to  be  a  very  elfective  and  economical  form  of  organiza- 
tion. In  this  handbook  it  will  be  referred  to  as  the  "burro  system."  Use  of  the  system  is  strongly  urged. 
Where  the  removal  of  loose  or  settled  earth  from  the  tread  is  a  material  factor,  then,  if  feasible,  use  plows  and 
scrapers  drawn  by  horses  or  mules.    Under  these  conditions  the  "burro  system "  may  or  may  not  be  practicable. 

For  light  maintenance,  not  involving  much  clearing  of  down  timber  or  dirt  work,  use  of  a  smgle  man  will 
often  be  the  most  economical  arrangement. 

46.  — EXTRAORDINARY 

The  best  organization  for  this  class  of  work  will  approximate  that  outlined  for  the  construction  job.  Here, 
too,  use  plows  and  scrapers  to  the  fullest  practicable  limit.  , 
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47.  — DECREASE  OF  EXTRAORDINARY  MAINTENANCE 

Need  for  extraordinary  maintenance  should  gradually  grow  less  if  proper  attention  is  given  to  current  repair 
and  reconditioning  of  the  many  miles  of  trails  now  in  bad  shape  as  a  result  of  years  of  neglect.  With  extraordi- 
nary maintenance  of  the  trail  system  completed,  then,  generally  speaking,  upkeep  of  trails  will  fall  into  the  class 
of  ordinary  maintenance. 

48.  MAINTENANCE  UNITS 

After  needed  extraordinary  maintenance  has  been  completed  the  trail  systems  of  a  forest  might  be  divided 
into  "maintenance  units",  each  unit  to  receive  a  thorough  going  over  at  scheduled  intervals,  as  cirucmstantes 
may  require,  by  crews  using  the  "burro  system",  or  by  a  single  man.  Fallen  trees  will  have  to  be  removed 
and  other  emergency  work  done  as  a  matter  of  course  each  spring,  in  addition  to  ordinary  maintenance. 

Grouping  trails  in  maintenance  units  may  not  be  practicable  for  many  years  in  some  of  the  badly  burned 
forests  of  the  Northwest  because  each  spring  the  emergency  maintenance  due  to  the  enormous  amount  of  wind- 
fall is  such  a  huge  job. 

49.  — DANGEROUS  PLACES 

Confine  work  under  (/),  extraordinary  maintenance,  to  the  elimination  of  actually  dangerous  sections,  such 
as  places  with  beds  of  slick  rock  on  steep  slopes,  very  rough  trail  beds  bordering  precipices,  trails  in  boggy  ground 
and  where  insufficient  side  clearance  makes  travel  unsafe.  Remember  that  conditions  classed  as  dangerous  in 
one  locality  niay  be  merely  relatively  and  not  actually  so;  the  same  conditions  might  be  accepted  elsewhere  as 
satisfactory  without  thought  of  need  for  improvement. 
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50.  — RELOCATING 

Confine  work  on  graded  sections  as  described  under  (g)  extraordinary  maintenance,  to  those  where  rate  of 
travel  has  proved  to  be  actually  and  materially  slower  than  the  average  of  the  project. 

Do  not  cut  out  pitches  merely  for  the  sake  of  making  a  section  of  trail  look  better,  as,  for  example,  the 
elimination  of  the  reverse  grade  indicated  in  figure  30,  by  the  construction  of  a  10-percent  grade  (shown  by 
dotted  line)  simply  because  the  10-percent  grade  should  have  been  built  in  the  first  instance.  However,  if  the 
section  of  a  trail,  as,  for  example,  the  section  shown  between  (a)  and  (6)  in  figure  31,  is  badly  overgrown,  its 
tread  worn  out,  and  the  cost  of  reconditioning  it  would  equal  the  expense  of  constructing  a  new  section  along  the 
10-percent  gradient,  follow  the  latter  plan. 

51.  — IMPROVING  GRADES  ON  BROAD  RIDGES 

In  brushing  out  old  ungraded  trails  which  follow  ridges  or  points,  having  broad  faces,  abandon  the  old 
route  and  cut  a  new  clearing  through  on  lower  percentage  of  grades  if  the  old  trail  is  unreasonably  steep  and 
there  is  room  to  switch  back.    In  the  relocation,  follow  the  principles  outlined  in  paragraph  10.    (See  fig.  32.) 

52.  — REMOVAL  OF  OBSTACLES  FROM  THE  TREAD 

In  maintenance  work  on  secondary  and  primary  trails,  always  remove  all  roots,  stumps,  and  projecting 
rock  in  the  bed  of  the  trail  which,  if  not  dug  out,  would  interfere  with  efficient  use  of  plow  and  scraper.  Give 
particular  attention  to  the  making  of  a  clear-cut  angle  at  the  meeting  of  the  back  slope  and  the  tread  (figs.  6-10). 

53.  — FREQUENCY  OF  MAINTENANCE 

All  classes  of  trails  should  be  maintained  annually,  and  the  maintenance  plan  should  make  it  clear  that 
low-duty  trails  are  to  get  the  same  attention  as  other  classes;  that  is,  they  must  be  opened  up  annually  to  be 
sure  they  are  open,  passable,  and  usable.  Of  course,  the  class  and  amount  of  maintenance  work  to  be  done 
on  these  low-duty  trails  should  be  in  keeping  with  the  requirements  of  this  class  of  trail. 
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On  account  of  the  urgency  and  need  a  few  years  ago  for  a  large  mileage  of  low-duty  trails,  a  large  portion 
of  this  class  of  trail  was  built  to  a  very  low  standard  originally;  this  permitted  leaving  some  logs  and  other 
obstructions  that  a  horse  could  get  over,  but  probably  with  some  difficulty.  Where  this  condition  still  exists, 
or  whenever  the  way-trail  system  has  slipped  back  so  that  the  trail  or  trails  do  not  measure  up  to  the  require- 
ments and  specifications,  as  set  forth  in  this  manual  for  low-duty  trails,  maintenance  plans  should  make  pro- 
vision to  bring  this  system  up  to  these  requirements  as  soon  as  practicable. 

To  insure  systematic  and  efficient  maintenance,  the  work  in  each  Ranger  District  should  be  done  according 
to  a  plan  worked  out  by  the  Ranger.  This  plan  being  with  a  master  map  of  all  trails,  shown  by  classes  in  color; 
each  trail  foreman  to  be  given  a  rough  sketch  map  on  which  is  indicated  only  the  trail  system  on  which  he  is 
to  work;  the  foreman  to  turn  this  map  in  to  the  Ranger  when  he  completes  maintenance  work  on  a  system  of 
trails.  He  should  indicate  on  the  map  his  accomplishments.  The  Ranger  will  transfer  this  information  to  his 
master  map  to  be  used  as  a  check  on  his  inspection  trips. 

A  work  schedule  should  be  made  and  given  to  the  foreman  of  each  crew.  This  schedule  should  have,  as 
an  example,  the  following  information:  The  name,  number,  and  mileage  of  trails  to  be  worked;  approximate 
time  that  each  job  should  be  completed;  special  instructions  about  contacts  with  packstrings,  with  supplies,  etc.; 
where  and  when  to  split  crews;  instructions  about  posting  signs,  etc.  All  working  tools  and  equipment  neces- 
sary should  be  listed,  and  checked  to  be  sure  they  are  taken  along.  Foreman  should  be  supplied  with  a  carry- 
ing case  containing  all  necessary  instructions  and  time-keeping  supplies,  such  as  Trail  Manual,  maps,  diary, 
time  books,  special  instructions  on  use  of  explosives,  and  written  instructions  from  the  Ranger  covering  all 
necessary  details  as  applied  to  local  conditions. 


64 


SECTION  X.— BRIDGES 

51.-LOCATION 

Construct  bridges  only  where  to  avoid  construction  is  inapracticable.    Never  build  bridges — 
(a)  To  span  streams  where  reasonably  safe  fords  are  available  during  the  field  season  or  where  they  can 
be  provided. 

(6)  To  span  gullies  and  arroyos  if  physically  practicable  to  cross  them  by  constructing  a  trail.  Balance 
cost  of  trail  against  cost  of  bridge. 

(c)  To  improve  the  alinement  of  a  trail  by  a  relatively  small  amount. 

The  Regional  Forester  should  approve  the  construction  of  all  truss  bridges  and  all  stringer  bridges.  The 
design  of  all  bridges  should  be  checked  and  approved  by  the  Regional  Engineer.  Officers  selecting  sites  and 
tlesigning  bridges  need  to  feel  a  keen  sense  of  responsibility  for  the  permanency  or  failure  of  their  work.  Failure 
due  to  controllable  errors  calls  for  the  application  of  the  principle  of  personal  accountability. 

The  chief  points  that  locators  and  designers  of  biidges  must  keep  in  mind  are: 

(a)  Minimum  length  of  span  providing  at  the  same  time  for: 

(1)  Stable  footing  for  abutments. 

(2)  Ample  clearance  above  the  water  line  to  provide  for  free  passage  of  drift  logs  and  uprooted  trees. 

(3)  Advantage  of  location  where  the  stream  is  straight  and  unobstructed. 

(4)  Minimum  cost  of  new  trail  for  approaches. 

(6)  Stringers  and  other  members  of  no  less  dimensions  and  in  no  less  numbers  tha.i  provided  in  table  5. 

(c)  Suitable  foundations. 

(d)  Treatment  of  joints  with  heavy  asphalt  paint  or  some  other  kind  of  preservative. 

(e)  Careful  study  of  all  instructions  of  this  chapter  before  going  ahead  with  the  job. 

When  requesting  approval  and  plans  for  structures  from  the  Regional  Engineer,  a  topographic  survey  and 
vicinity  map  with  profile  should  be  prepared,  giving  the  following  data: 
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Vicinity  map:  Scale  10  feet  equals  1  inch.    Indicate  for  100  feet  on  each  side  of  center  line  and  200  feet  at 
each  end  of  approach  for  proposed  crossing.    Contours,  5-foot  intervals. 
Profile:  Scale  10  feet  horizontal=l  inch;  10  feet  vertical=l  inch. 
Depth  to  bedrock  for  piers  or  abutments. 
Character  of  material  at  approaches. 
Location  of  nearest  sand  and  gravel  deposits. 
Location  of  nearest  suitable  timber. 
Estimated  cost. 

Wheie  special  designs  are  requested  and  field  personnel  is  not  qualified  to  make  the  proper  surveys,  the 
Regional  Engineer  should  be  requested  to  make  the  survey  and  selection  of  bridge  for  the  crossing  proposed. 

Construction  details  as  to  material  used,  sizes  of  members,  etc.,  as  outlined  on  the  plans  should  be  followed 
closely,  or  where  materials  for  span  are  not  available,  and  other  materials  used,  approval  of  the  Regional  Engineer 
should  be  obtained  before  substitution  is  made. 

55.— STRINGER  BRIDGES 

Stringer  bridges  will  be  used  in  the  great  majority  of  cases  where  construction  is  done  by  the  regular  trail 
crew.  Figures  show  the  approved  types  to  serve  as  a  guide.  Six  feet  is  standard  width  for  the  floor.  This  will 
be  exceeded  only  where  use  of  large  stringers  make  it  necessary.    Observe  the  following  in  every  case: 

(a)  Use  rock  for  abutments  and  foundations  in  preference  to  logs,  where  possible. 

(6)  Where  abutments  and  sills  are  of  wood,  they  should  be  of  the  most  rot-resistant  species  available. 

(c)  Fills  around  logs  should  be  of  rock  and  not  earth.    This  permits  drainage  and  reduces  rate  of  decay. 

{d)  Always  peel  the  bark  off  the  logs. 

(e)  Wood  pins  or  tree  nai's  may  be  used  in  place  of  iron  driftpins. 
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(/)  If  round  material  is  used  for  flooring,  hew  tread  along  center  line.  Figure  33  shows  a  satisfactory  floor. 
Do  not  put  a  dirt  covering  over  the  floor. 

(g)  Flooring  on  three-stringer  bridges  must  be  at  least  equal  in  strength  to  that  of  2-  by  12-inch  planks. 

(h)  Use  four  stringers  in  heavy  snow  country  and  where  timber  is  small;  also,  where  span  is  over  20  feet. 
(See  figures  33,  35,  36,  37,  and  38.) 

Table  5. — Minimum  number  and  dimensions  of  stringers  for  spans  up  to  36  feet 


Span  in 
feet 

3-stringer  bridge,  6  feet  wide 

4-stringer  bridge  6  to  7  feet  wide 

Sawed  timber 

Round 
timber, 
diameter 

Sawed  timber 

Round 
timber, 
diameter 

Width 

Depth 

Width 

Depth 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

8 

3 

6 

6 

3 

6 

6 

10 

3 

6 

6 

3 

6 

6 

12 

3 

8 

7 

3 

8 

14 

3 

10 

8 

3 

8 

7 

Ifi 

3 

H) 

8 

4 

8 

8 

18 

4 

10 

y 

4 

S 

8 

20 

4 

12 

10 

4 

10 

9 

22 

4 

12 

9 

24 
26 
28 
30 
32 
34 
36 

4 
6 
6 
6 
8 
8 
8 

12 
12 
12 
12 
12 
12 
12 

10 
10 
10 
12 
12 
12 
12 
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The  calculations  in  table  5  were  based  on  a  uniform  load  of  400  pounds  per  linear  foot  of  span.  A  maximum 
bending  stress  of  1,200  pounds  per  sqtiare  inch  was  used. 

The  round-timber  diameters  are  to  be  measured  at  the  small  end  after  deducting  one-half  of  the  diameter 
of  the  sapwood. 

56.  -TRUSS  BRIDGES 

Truss  bridges  should  be  used  only  when  stringers  of  adequate  dimensions  cannot  be  obtained.  The  cost 
is  much  higher  than  for  a  stringer  bridge  and,  unless  accurately  framed,  only  a  small  portion  of  the  theoretical 
strength  is  developed. 

Where  the  snow  is  exceptionally  heavy  and  portions  of  the  floor  cannot  be  removed  conveniently  in  the 
fall,  a  truss  bridge  may  be  necessary  to  avoid  permanent  sag  in  a  simple  stringer  type. 

Figures  34,  39,  and  40  show  approved  plans  of  this  kind  of  bridge.  The  same  general  rules  are  to  be  observed 
here  as  with  stringer  bridges. 

57.  -BRIDGE  INSPECTION 

Inspection  of  trail  bridges  should  be  made  each  year.    This  inspection  should  cover: 

(a)  Scour  or  washouts  around  piers  or  abutments. 

(b)  Timber  insjiection — breaks,  splitting,  rot,  paint. 

(c)  Suspension  bridges: 

(1)  Cable  curves  uniform. 

(2)  Evidence  of  sagging. 

(3)  Broken  wires  and  surface  rust. 
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(4)  Anchorage  and  towers. 

Signs  of  slipping  or  failure  in  masonry  or  dead  man  locations. 
Rot,  breaks,  paint. 

(5)  Bolts  tight  on  all  rods  and  bearings. 

Where  inspection  indicates  repair  or  replacement  is  necessary,  such  maintenance  and  repair  should  be  made 
as  quickly  as  possible. 
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Figure  35. 
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Figure  36. 
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BILL  OF  MATERIAL 
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Figure  37. 
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FKiUKK  38. 
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APPENDIX 


TOOLS 

Provide  trail  and  bridge  crews  with  all  the  tools  likely  to  be  needed  on  any  part  of  the  job.  Some  of  the  tools 
may  not  be  used,  but  it  is  better  to  have  them  on  hand  when  and  if  required  than  to  lose  valuable  time  securmg 
them  or  trvine  to  improvise  substitutes. 

^     ^  TOOL  EQUIPMENT  LIST 

Suggested  Standard  List  For  Trail  Crews 


Axes,  T>.  B.,  3H-pound  

Bags:  ,  , 

Man-pack,  5-gallon  (only  where 
needed)    

Water,  2!.'i-gallon    

Bars,  crow  (where  needed)  

Chains,  log,  12-foot  (where  needed)  

Chest,  medicine,  crew   - 

Crimpers,  cap  (where  needed)  --- 

Files: 

8-inch  

10-inch    

Flags,  United  States.--   

Grader,  Beatty  trail  (where  needed) -- 

Grinder,  carborundum  

Grindstone  and  frame.  Army---  - 

Hammers: 

Claw  

Falling,  4-pound  

Handles: 

Ax  

Mattock   

Saw   


8-man 


Hooks,  brush  

Kits,  timekeeper's  

Level,  Abney  

Mattocks  

Outfits: 

Cobbler  

Saw-filing  

Smokechaser's,  complete  

Peavy  

Picks,  mattock  

Picks,  railroad  

Plow,  trail  (where  needed)  

Rasp,  wood  

Sacks,  pack,  Duluth  no .  2,  or  pack  frames. 

Saw,  C.  C,  51/2-foot   

Shovel,  L.  H.  R.  P  

Stone,  carborundum,  pocket  

Wedges,  falling-   


2  man 


8-man 
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MESS  EQUIPMENT 


Basin,  wash  .-I  _  _ 

Beater,  egg  _  

Board,  wash    

Boiler,  2-gallon    

Boiler,  3-gallon   __. 

Bowls,  mixing,  fi-quart   .__ 

Bowls,  soup,  granite   _ 

Buckets,  water,  lO-quart,  canvas  

Can  opener-    

Clocks,  alarm   _  _ 

Collander    

Cups,  nested  

Canvas,  table  top  (feet)..   

Do   

Forks: 

Meat   _ 

Table     

Griddle,  pancake  

Kettles: 

2-quart  

4-quart_   

fi-quart     ___ 

Knives: 

Butcher  _  

Paring    

Table   

Nails,  assorted,  pounds  

Oilcloth,  white,  40  inches  wide,  yards. 


4 

1-5 


Pans: 
Bread: 

Medium  

Large   

Dish  

Dish-up: 

1-  quart    

2-  quart    

3-  quart    

Fry: 

Medium   

Large   -  

Plates,  enamel    

Platter,  meat  

Pots,  coffee.--   

Sacks,  cloth,  lunch   

Saw,  meat  

Screen,  cheesecloth,  yards  

Shaker,  salt   

Sifter,  flour,  flat,  16-inch  bottom  

Spoons: 

Desert  

Mixing   - 

Table    

Telephone,  complete  

Tins,  pie   

Toweling,  dish,  50-pound  flour  sacks. 

Tubs,  wash  

Turner,  cake    


TENTAGE 


Flies,  10  by  12  feet. 


Tents,  10  by  12  feet- 
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BEDDING 


2-inan 

5-raan 

8-man 

2-inan 

5-man 

8-man 

Blankets,  wool  (6  thicknesses  per  bed). 
Extra  bed  each  crew  for  Forest  OfEcer. 

12 
1 

30 
1 

48 
1 

2 

6 

8 

STOVES 

1 

1 

1 

5 

5 

5 

Stoves,  cook,  Lang  or  sheep  
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BLACKSMITH  OUTFIT 

(To  be  furiiislied  only  on  jobs  where  need  is  fairly  constant) 

Anvil  

Chisel,  hot  

Coal,  sack      " 

Drill,  spoon     _  

Drill  steel,  set  or  detachable  bit  set.  _  _  

Forge,  portable  __  _    

Hammer: 

Blacksmith,  ball  pein   _._   

Double  jack   _._  .  _  .  . 

Flatter   _     

Rock,  12-pound  _   

Single  jack       

Tool-sharpening.  _  _._  __ 

Hardie__  __    

Tongs  r 

Bolt._.  _  

Pick  _   

Plain   _  __    

Vise       

Welding  compound,  5-pound  box    


Nested  mess  outfits  for  the  above  units  are  the  most  desirable  and  should  be  used  wherever  possible. 
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INDEX 


Para- 
graph 

ABNEY  level,  use  of  ---    -    15 

Applicability  of  specifications   --  ° 

Axiom  for  signs   38 

BACK  slopes  (fig.  13).—  -    28 

Bad  practice  in  building  trails   39 

Bedding  equipment  list  App. 

Blacksmith  outfit   A.pp. 

Blacksmith  work   }± 

Blazing     37 

Bogs,  avoid       lo.ao 

Bridges: 

Inspection  of     57 

Location  of      5f 

Stringer     5o 

Suspension   5J 

Truss.--    51) 

Bru>h  disposal    

CAMPS,  location  of      1° 

Camp  sanitation    1° 

Classification;  . 

Care  in     J* 

Of  trails  ----  -     

Responsibility  for-..     


Para- 
graph 

Clearing: 

For  secondary  and  primary  trails  

For  ways     If 

Comfort  of  camps     ^-^ 

Communication  to  crews   }A 

Construction  standards   j' 

Corduroy  (figs.  22  and  23)   35 

Cost  estimates  of  projects..   i" 

Crews: 

As  fire  fighters   {J 

Payment  of,  on  fire   --  1^ 

Size  and  organization  of     --  ^''^^ 

Cross  cutting  (figs.  14  and  15)   

Culverts  

DANGEROUS  places        Y_ 

Decrease  of  extraordinary  maintenance  

Definition  of—  ... 

Primary  trails      |* 

Secondary  trails   J* 

Ways      

Digging  methods      39 

Drags,  trail  (fig.  44)   

Drainage  structures     3i,  ai:,  m,  A-t 
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Para- 
praph 


Driveways   _     10 

ELIMINATION  of  dangerous  places     49 

Emergency  maintenance     41 

Equipment,  fire-control  crews      11 

Equipment,  supply  adequate      39 

Equipment  list: 

Bedding         App. 

Mess   ._       App. 

ytoves      App. 

Tentage      _   App. 

Tools..       App. 

Estimates: 

.\ccuracy  of      16 

Responsibility  for   _    lu 

Excavation: 

Position  of  grader  in  :     39 

Undercut  method  in      39 

E.xtraordiuary  maintenance     41,46 

Decrease  of      47 

FIRE  patrol  equipment    _._    11 

Fire  fighters     11 

Food  standards      39 

Fords       36 

Forest  officers,  i)lace  of   .;   5 

Frequency  of  maintenance    53 

GOOD  practice  in  building  trails     39 

Grades: 

For  secondary  and  primary  trails  (table  2)   _   22 

For  ways  (table  1)       19 

On  broad  ridges,  improving     51 

Grazing  projects,  specifications  for      10 

Guard  rails  (fig.  14)       2H 

Guard  walls  (fig.  15)       29  I 
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Para- 

*  graph 

HORSES: 

Purchase  of      12 

Use  of      12 

IMPROVING  grades  on  broad  ridges    51 

Inform:ition  for  bridge  location   54 

Inspection  of  bridges    57 

Instruments  for  location     15 

JOB  of  location  and  construction   4 

KING  truss  bridges  (fig.  34)..   56 

LOCATION: 

Care  in    15 

Control  points  for  _    15 

Importance  of  "   15 

Instruments  for.   15 

Of  bridges      54 

Of  trails     15,20 

Of  ways   _  19 

Places  to  avoid.    15 

Places  to  favor      15 

Principles  of  (fig.  1)    15 

Qualifications  necessary.       4 

Trails,  not  roads.   15 

MAINTENANCE: 

Classification     41 

Decrease  of    .-  47 

Emergency    41 

Extraordinary         41,46 

Frequency  of      53 

Ordinary      41.45 

Organization  for.     44 

Plans       53 

Policy     2,9.40 

Season     _    43 


Para- 

MAINTENANCE— Continued.  graph 

Specifications       *J 

Units   -   

Map,  plan  and  progress     ^3 

Marifing:  „, 

Grade  lines  on  trails     

Trails  (table  4)   -     ^» 

■yVayg   -   

Measuring  completed  trail       16, 39 

Mess  equipment  list      App. 

NEEDS  for  trails.    ^ 

New  construction     ^'i 

OBJECTS  of  trail  construction   -  --  -  ' 

Obstacles,  removal  of,  from  tread  '   62 

Openditclies  (fig.  17)     

Ordinary  maintenance   -  --- 

Organization  and  size  of  crews   ---  -    |' 

For  blacksmithing    --  -  |^ 

For  clearing       \' 

For  finishing    

For  grading     ---  |' 

For  powdermen  ^   --   J' 

For  swampers      ]' 

For  trimming      -    J' 

Maintenance   -  --    ^ 

Overliead  clearing      

PASSING  places    r   f,' 

Payment  of  trail  crews  on  fire  suppression     1 1 

Place  of  Forest  Officers      o 

Plan  and  progress  map   -  -  

Plans  for  maintenance    --   

Plows,  use  of       ^'^Q 

Poles  in  fills,  bad  prcatice   -   

Policy      ^i^'  " 

Position  of  grades  in  excavation.    —  39 


Para- 
graph 

Posts  for  signs  (fig.  29)     -  --  38 

Practice,  good  and  bad  -     ^= 

Primary  trails  defined   -    '■^ 

Progress  in  trail  worli_.-  -      ^ 

Project  SBlection-   

Proof  of  inapplicability  of  specifications    6 

Purchase  of  animals  for  trail  work   -    1^ 

Purpose  of  the  Handbook    ---  -    j_ 

Purposes  of  trails.  -  _  ---  -  ---      ' 

QUALIFICATIONS  needed  in  personnel  for  trail  work-..   4 

RADIO  equipment  in  fire  control     -   11 

Reconnaissance  for  trail  location   15 

Reconstruction.--    JJ^ 

Recreational  trails  -     

Relative  needs  for  trails     ^ 

Relocating  trails---     

Removal  of  obstacles  from  tread   

Responsibility  of  Forest  Officers     5,b 

Rock  in  boggy  places      °3 

Rock  slides     -  ---  j° 

Rock  walls  (fig.  16)..-    30 

Rule  for  clearing  

SANITATION  in  camps    -     1° 

Schedule,  work,  for  foremen      

Scrapers,  use  of- -     

Season,  maintenance       ™ 

Trail  program       --  11 

Secondary  trails  defined     1* 

Selection  of  piojeet,  administrative      IJJ 

Fire  control     ^JJ 

Maintenance-    .-  —   

To  get  crews  in  proper  place     ii 

Shovels,  use  of     39 

Sign  posting  (fig.  29)      38 
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Para- 
Signs:  graph 

Height  of    _    38 

Metal  to  be  backed  _  _  _  _  _  38 

Placing     _    38 

Position  of  ._     38 

Posts  for    ___  _   38 

Specifications  for  maintenance   _    42 

Staking: 

Secondary  and  primary  trails     21 

Ways      19 

Standards: 

For  secondary  and  primary  trails     20 

For  ways     ___       19 

Of  construction       ___  8 

Of  maintenance       9 

Standard  plan  not  prescribed     13 

Widths  of  trails     _  __.  25 

Stock  trails: 

Merits  of-  -  ___  ___   in 

Specifications  of   __     ID 

Stove  enuipment  list   App. 

Stringer  bridges  (tables)  _  _.    _   55 

Stump  removal   _    _   23 

Surveys; 

Forest  officers'  responsibility  for     __   ,5 

Instruments  for.._  _    ___  __  is 

Obstacles  to  avoid  in       15 

Situations  to  favor  in   _    15 

Suspension  bridges  (figs.  41  and  42)    57 


Switchbacks  

TELEPHONE  equipment  in  fire  control 

Tentage  etiuipraent  list-.  _ 

The  job   

Tool  equipment  list  _._  

Tools: 

Adequacy  of    

For  location,--    

Sharpness  of    

Trail: 

Classification  

Trews  as  fire  fighters.--  _ 

lyocation   -.- 

Marking  _--   

Trail  plans  -_   

Trails: 

Foot  classes  of.  _--   

Rate  of  travel  on,.   

Single-file  travel-   

Truss  bridges   _-   

Turnouts   _  .  _-- 

UNDERCUT  method  of  excavation-  - 

Units,  maintenance  --  

Use  of  explosives   - 

Handbook-  -  

Plows  and  scrapers   

Kock  in  bogs    

Shovels-   

W  heelbarrows  
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Para- 
graph 

V-DRAGS  (flg.44)   -  ---    ----  12 

WATER  BARS: 

Angle  of  crossing  of    ---    33 

Installation   -    33 

Location  of          33 

Ways     ----   14.19 


Para- 
graph 


Wheelbarrows,  use  of       39 

Why  tniils  are  built         7 

Width  of  trails  (table  3)     ----  25 

Work  on  trails  by  Forest  officers      5 

Work  schedules  for  foremen       53 

Written  instructions  to  foremen     -    6 
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